
Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.

Supplement to: Son MBF, Murray N, Friedman K, et al. Multisystem inflammatory syndrome in children — initial 
therapy and outcomes. N Engl J Med. DOI: 10.1056/NEJMoa2102605



 

1 

 

SUPPLEMENTARY APPENDIX 

This appendix has been provided by the authors to give readers additional information about their work. 

Supplement to: Son M.B.F., Murray N, Friedman K et al. “Multisystem Inflammatory Syndrome in 

Children- Initial Therapy and Outcomes.” 

 

Table of Contents: 

 

Overcoming COVID-19 Study Group Investigators (Pages 2-3) 

CDC COVID Response Team (Page 4) 

SUPPLEMENTARY METHODS (Page 5) 

SUPPLEMENTARY FIGURES (Pages 6-8) 

• Figure S1 (Page 6): Balance of Baseline Variables for the Propensity Score-matched 

Analysis 

• Figure S2 (Page 7): Propensity Score Distribution Comparison Post-Matching by 

Treatment 

• Figure S3 (Page 8): Inverse Probability of Treatment Weights Distribution by 

Treatment 

SUPPLEMENTARY TABLES (Pages 9-16) 

• Table S1 (Page 9): Clinical Characteristics of 9 Hospitalized Patients Aged <21 years 

that Died 

• Table S2 (Page 10): Use of Immunomodulatory Medications: Day of Hospitalization 

and Dosing 

• Table S3 (Pages 11-12): Adjunctive Treatments on Day 1 or later 

after Initial Treatment with IVIG Plus Glucocorticoids or IVIG Alone on Day 0, by Pre 

and Post Propensity Score Matching 

• Table S4 (Pages 13-14): Regression Details for the Propensity Score Model 

• Table S5: (Page 15-16): E-values to Assess Unmeasured Confounding in the Primary 

and Secondary Outcomes 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 

 

 

Overcoming COVID-19 Investigators 

(Listed in PubMed, and ordered by U.S. State) 

The following study group members were all closely involved with the design, implementation, and 

oversight of the Overcoming COVID-19 study. 

Alabama: Children’s of Alabama, Birmingham. Michele Kong, MD. 

Arizona: University of Arizona, Tucson. Mary Glas Gaspers, MD; Katri V. Typpo, MD. 

Arkansas: Arkansas Children’s Hospital, Little Rock. Ronald C. Sanders Jr., MD, MS; Katherine Irby, MD. 

California: Children’s Hospital of Orange County, Orange County. Adam J. Schwarz, MD. 

California: Miller Children’s & Women’s Hospital Long Beach, Long Beach. Christopher J. Babbitt, MD. 

California: UCSF Benioff Children’s Hospital Oakland, Oakland. Natalie Z. Cvijanovich, MD. 

California: UCSF Benioff Children’s Hospital, San Francisco. Matt S. Zinter, MD 

Colorado: Children’s Hospital Colorado, Aurora. Aline B. Maddux, MD, MSCS; Peter M. Mourani, MD. 

Connecticut: Connecticut Children’s, Hartford. Christopher L. Carroll, MD, MS. 

Connecticut: Yale New-Haven Children’s Hospital, New Haven. John S. Giuliano, Jr., MD. 

Florida: Holtz Children’s Hospital, Miami. Gwenn E. McLaughlin, MD, MSPH. 

Georgia: Children's Healthcare of Atlanta at Egleston, Atlanta. Keiko M. Tarquinio, MD. 

Illinois: Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago. Kelly N. Michelson, MD, MPH; Bria 

M. Coates, MD. 

Indiana: Riley Hospital for Children, Indianapolis. Courtney M. Rowan, MD, MS. 

Iowa: University of Iowa Stead Family Children’s Hospital, Iowa City. Kari Wellnitz, MD; Guru Bhoojhawon 

MBBS, MD. 

Kentucky: University of Louisville and Norton Children’s Hospital, Louisville, Janice E. Sullivan, MD; Vicki L. 

Montgomery, MD; Kevin M. Havlin, MD. 

Louisiana: Children's Hospital of New Orleans, New Orleans. Tamara T. Bradford, MD. 

Maryland: Johns Hopkins Children’s Hospital, Baltimore.  Becky J. Riggs, MD; Melania M. Bembea, MD, MPH, 

PhD. 

Maryland: University of Maryland Children’s Hospital, Baltimore. Ana Lia Graciano, MD. 

Maryland: Sinai Hospital of Baltimore, Baltimore. Susan V. Lipton, MD, MPH. 

Massachusetts: Baystate Children’s Hospital, Springfield. Kimberly L. Marohn, MD. 

Massachusetts: Boston Children’s Hospital, Boston. Adrienne G. Randolph, MD; Margaret M. Newhams, MPH; 
Sabrina R. Chen; Cameron C. Young; Suden Kucukak, MD; Katherine Kester; Jane W. Newburger, MD, MPH; 

Kevin G. Friedman, MD; Mary Beth F. Son, MD; Janet Chou, MD. 

Massachusetts: MassGeneral Hospital for Children, Boston. Ryan W. Carroll, MD, MPH; Phoebe H. Yager, MD; 

Neil D. Fernandes, MBBS. 

Michigan: Children’s Hospital of Michigan, Detroit. Sabrina M. Heidemann, MD. 

Michigan: University of Michigan CS Mott Children’s Hospital, Ann Arbor. Heidi R. Flori, MD, FAAP. 

Minnesota: University of Minnesota Masonic Children’s Hospital, Minneapolis, Janet R. Hume, MD, PhD. 

Minnesota: Mayo Clinic, Rochester. Emily R. Levy, MD. 



 

3 

 

Mississippi: Children’s Hospital of Mississippi, Jackson. Charlotte V. Hobbs, MD. 

Missouri: Children’s Mercy Hospital, Kansas City. Jennifer E. Schuster, MD. 

Missouri: Washington University in St. Louis. Philip C. Spinella MD. 

Nebraska: Children’s Hospital & Medical Center, Omaha. Melissa L. Cullimore, MD, PhD; Russell J. McCulloh, 

MD. 

New Jersey: Hackensack University Medical Center, Hackensack. Katharine N. Clouser, MD. 

New Jersey: Newark Beth Israel Medical Center, Newark. Rowan F. Walsh, MD 

New Jersey: Bristol-Myers Squibb Children's Hospital, New Brunswick. Lawrence C. Kleinman, MD, MPH, 

FAAP; Simon Li, MD, MPH; Steven M. Horwitz, MD. 

New Jersey: St. Barnabas Medical Center, Livingston. Shira J. Gertz, MD. 

New York: Golisano Children’s Hospital, Rochester. Kate G. Ackerman, MD; Jill M. Cholette, MD. 

New York: Kings County Hospital, Brooklyn. Michael A. Keenaghan, MD. 

New York: Maria Fareri Children's Hospital, Valhalla. Aalok R. Singh, MD. 

New York: The Mount Sinai Hospital, New York City. Sheemon P. Zackai, MD; Jennifer K. Gillen, MD. 

New York: Hassenfeld Children’s Hospital at NYU Langone, New York. Adam J. Ratner, MD, MPH; Heda 

Dapul, MD; Vijaya L. Soma, MD. 

New York: Stony Brook University Hospital, Stony Brook. Ilana Harwayne-Gidansky, MD; Saul R. Hymes, MD. 

New York: SUNY Downstate Medical Center University Hospital, Brooklyn. Sule Doymaz, MD. 

North Carolina: University of North Carolina at Chapel Hill, Chapel Hill. Stephanie P. Schwartz, MD; Tracie C. 

Walker, MD. 

Ohio: University Hospitals Rainbow Babies and Children's Hospital, Cleveland. Steven L. Shein, MD; Amanda 

N. Lansell, MD. 

Ohio: Nationwide Children’s Hospital, Columbus. Mark W. Hall MD, FCCM. 

Ohio: Cincinnati Children’s Hospital, Cincinnati. Mary A. Staat, MD, MPH. 

Pennsylvania: Children’s Hospital of Philadelphia, Philadelphia. Julie C. Fitzgerald, MD, PhD, MSCE; Jenny L. 

Bush RN, BSN; Ryan H. Burnett, BS. 

Pennsylvania: Penn State Children’s Hospital, Hershey. Neal J. Thomas, MD, MSc. 

Pennsylvania: St. Christopher’s Hospital for Children, Philadelphia. Monica L. Koncicki, MD. 

Pennsylvania: UPMC Children’s Hospital of Pittsburgh. Ericka L. Fink, MD, MS; Joseph A. Carcillo, MD. 

South Carolina: MUSC Children’s Health, Charleston. Elizabeth H. Mack, MD, MS.; Laura Smallcomb, MD. 

Tennessee: Monroe Carell Jr. Children’s Hospital at Vanderbilt, Nashville. Natasha B. Halasa, MD, MPH. 

Tennessee: Le Bonheur Children’s Hospital, Memphis. Dai Kimura, MD. 

Texas: Texas Children’s Hospital, Houston. Laura L. Loftis, MD. 

Texas: University of Texas Health Science Center, Houston. Alvaro Coronado Munoz, MD. 

Texas: University of Texas Southwestern, Children’s Medical Center Dallas, Dallas. Mia Maamari, MD; Cindy 

Bowens, MD, MSCS. 

Utah: Primary Children’s Hospital, Salt Lake City. Hillary Crandall, MD, PhD. 

Washington: Seattle Children’s Hospital, Seattle. Lincoln S. Smith, MD; John K. McGuire, MD. 
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CDC COVID-19 Response Team on Overcoming COVID-19: Manish M. Patel, MD, MPH; Leora R. 

Feldstein, PhD, MSc; Mark W. Tenforde, MD PhD; Ashley M. Jackson MPH; Nancy Murray MSc; Charles E. 

Rose, PhD. 
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SUPPLEMENTARY METHODS: 

We first evaluated the need for propensity score adjustment by comparing 1) the difference in mean 

linear propensity scores for the two groups, 2) the ratio of the variances of the two linear propensity 

scores, and 3) the ratios of the variances of the residuals from each covariate. We also looked at 

standardized differences of means in continuous and binary variables to see the effects of matching and 

ensured balance.   

For the continuous covariates in the propensity score model, we assume they are linear on the logit 

scale. We use continuous data where available except in cases of higher levels of unknown lab values 

like CRP, where we dichotomize the variable.  

The ICU length of stay outcome is assessed after propensity score matching using Wilcoxon signed rank 

test to compare distributions. 

While propensity score methods do a good job of accounting for measured confounding, unmeasured 

confounding may still be present. A sensitivity analysis can be performed to evaluate the strength 

required of a potential unmeasured confounder to change the association. VanderWeele and Ding (DOI: 

10.7326/M16-2607, 2017) propose a value to measure the “evidence of causality” called the E-value. 

We calculate E-values for our primary and secondary outcomes to assess the potential of unmeasured 

confounders to influence our results.   

 

 

 

 

 

 

https://doi.org/10.7326/m16-2607
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Figure S1: Balance of Baseline Variables for the Propensity Score-matched Analysis 

 

Variables denoted on y-axis include: demographics (age, race/ethnicity, absence of pre-existing 

conditions or “previously healthy”, and sex); commonly measured laboratory markers of inflammation 

on day of admission (neutrophil to lymphocyte ratio [NLR], C-reactive protein [CRP], platelet count); 

and clinical observations or interventions (intensive care unit admission [ICU], Kawasaki disease-like 

features without severe cardiovascular or respiratory involvement at admission [KD features], 

vasopressor use, mechanical ventilation use; pulmonary infiltrates) 
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Figure S2: Propensity Score Distribution Comparison Post-Matching by Treatment 

 
Distribution of propensity scores after matching Multisystem Inflammatory Syndrome in Children 

(MIS-C) patients with Index Treatment of IVIG plus Glucocorticoids (green, dashed line) versus IVIG 

alone (red, solid line) 
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Figure S3: Inverse Probability of Treatment Weights Distributions by Treatment 

 

 

 
 

Distribution of inverse probability of treatment weights (ATE weight) for Multisystem Inflammatory 

Syndrome in Children (MIS-C) patients with Index Treatment of IVIG plus Glucocorticoids (shown as 

trt=1; median, 1.85; IQR, 1.59 to 2.46; minimum, 1.10; maximum, 7.28) versus IVIG alone (shown as 

trt=0; median, 1.66; IQR, 1.33 to 2.24; minimum, 1.07; maximum, 7.08).  
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Table S1: Clinical Characteristics of 9 Hospitalized Patients Aged <21 years that Died  

 

 

Age 

cate-

gory 

(yrs) 

Sex 
Race/ 

ethnicity 

Obes-

ity 

Clinically 

documented 

underlying 

conditions 

Treat-

ment 

Strategy 
ECMO 

Primary 

listed 

cause of 

death 

Patient 

1 
5-9 Male Unknown No None 

Other 

Treatment 
Yes 

Brain 

death/ 

severe 

brain 

injury 

Patient 

2 
1-4 Female White No 

Oncologic 

(neuroblastoma) 

Other 

Treatment 
Yes Other 

Patient 

3 
5-9 Male White Yes 

Oncologic 

(leukemia), 

systemic 

hypertension, 

adrenal 

insufficiency 

IVIG, 

Glucocor-

ticoids,  

Biologic 

No 
Primary 

respiratory 

Patient 

4 
10-14 Female 

Hispanic 

or Latino 
Yes 

Severe 

congenital 

neurological 

disorder 

Other 

Treatment 
No 

Multiorgan 

failure 

Patient 

5 
10-14 Male 

Black or 

African 

American 

Yes 

Asthma, chronic 

kidney disease, 

adrenal 

insufficiency 

Other 

Treatment 
No 

Primary 

respiratory 

Patient 

6 
15-21 Female 

Hispanic 

or Latino 
No 

Oncologic (CNS 

tumor), spastic 

quadriplegia, 

seizure disorder, 

neuromuscular 

scoliosis 

IVIG, 

Glucocor-

ticoids, 

Biologic 

Yes 
Primary 

respiratory 

Patient 

7 
15-21 Female 

Black or 

African 

American 

No None 
IVIG 

Only 
Yes 

Primary 

cardiac 

Patient 

8 
15-21 Male 

Black or 

African 

American 

Yes None 
Other 

Treatment 
Yes 

Primary 

cardiac 

Patient 

9 
5-9 Female 

Hispanic 

or Latino 
No None 

IVIG, 

Glucocor-

ticoids, 

Biologic 

No 

Brain 

death/ 

severe 

brain 

injury 
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Table S2: Use of Immunomodulatory Medications: Day of Hospitalization and Dosing 

Medication, number of patients 

 

Median day of 

Hospitalization 

(IQR) 

Median dose 

(IQR) 

IVIG – First Dose, n = 466 1 (0, 2) 2 g/kg (1.7, 2) 

IVIG – Second Dose, n = 125 2 (2, 3) 2 g/kg (1, 2) 

IV Methylprednisolone, n = 353 

• 2 mg/kg/day (n=284) 

• ≥10 and <20mg/kg/day (n=38) 

• ≥20 and < 30 mg/kg/day (n=13) 

• ≥30 mg/kg/day (n=18) 

1 (0, 2) 2 mg/kg/day (1.5, 2.67) 

IV Dexamethasone, n = 44 2 (0, 3.5) 0.3 mg/kg/day (0.15, 2) 

Oral Prednisolone, n = 18 2 (0, 2.8) 2 mg/kg/day (1, 2.1) 

Anakinra, n = 102 2 (1, 3.8) 4 mg/kg/day (2.2, 5.9) 

Infliximab, n = 16 3 (2, 5) 10 mg/kg (9, 10) 

Tocilizumab, n = 18 Not Available Not Available 

 

Abbreviations: IQR = interquartile range; IVIG = intravenous immunoglobulin; IV = intravenous 
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Table S3: Adjunctive Treatments on Day 1 or later after Initial Treatment with IVIG Plus 

Glucocorticoids or IVIG Alone on Day 0, by Pre and Post Propensity Score Matching 

 Initial treatment 

Adjunctive Treatments ≥Day 

1 after Initial Treatment 

Pre-propensity score matching Post-propensity score 

matching 

IVIG Plus 

Glucocorticoids 

(N=157) 

IVIG Alone 

 (N=192) 

IVIG Plus 

Glucocorticoids 

(N=103) 

IVIG 

Alone 

(N=103) 

Adjunctive Treatments (alone 

or combination) 65 (41%) 121 (63%) 36 (35%) 74 (72%) 

Adjunctive Treatment - alone     

Glucocorticoids alone 0 63 (33%) 0 40 (39%) 

Second Dose IVIG alone 35 (22%) 15 (8%) 25 (24%) 8 (8%) 

Biologic alone 16 (10%) 8 (4%) 6 (6%) 5 (5%) 

Adjunctive Treatment - 

combination     

Glucocorticoids and Second 

Dose IVIG 0 19 (10%) 0 13 (13%) 

Glucocorticoids, Second 

Dose IVIG and Biologic 0 14 (7%) 0 7 (7%) 

Second Dose IVIG and 

Biologic 14 (9%) 2 (1%) 5 (5%) 1 (1%) 

Adjunctive Treatment – any a     

Glucocorticoids (any) a 0 96 (50%) 0 60 (58%) 

Second Dose IVIG (any) a 49 (31%) 50 (26%) 30 (29%) 29 (28%) 
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Biologic (any) a 30 (19%) 24 (13%) 11 (11%) 13 (13%) 

 

a: Treatments were not mutually exclusive - patients may have received these treatments alone or in combination with other 

adjunctive treatments  
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Table S4: Regression Details for the Propensity Score Model 

  

Coefficient 

Estimate 

Standard Error 

Estimate 

Intercept -1.51 1.27 

 Male 0.11 0.26 

 Age 0.01 0.03 

Race/Ethnicity     

White, non-Hispanic 0.07 1.16 

Black, non-Hispanic 0.28 1.16 

Other race, non-Hispanic 0.1 1.1 

Unknown -0.5 1.22 

Hispanic or Latino ethnicity 0.39 1.19 

 Previously healthy 0.73 0.31 

 Pulmonary infiltrates on chest x-ray 0.11 0.3 

 Kawasaki disease signs without cardiorespiratory 

involvement -0.69 0.49 

 
  Neutrophil-to-lymphocyte ratio 0.01 0.01  

  Platelets -0.0007 0.001  

 C-reactive protein > 30 (mg/dL) 0.37 0.49  

  Intensive care unit admission 0.72 0.3  

  Vasopressor treatment -0.09 0.31  

  Mechanical ventilation -0.09 0.54  
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Model results from logistic regression with treatment as the outcome and listed covariates as linear predictors. 

Model has a deviance of 368.6 and an Akaike Information Criterion value of 402.57. 
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Table S5: E-values to Assess Unmeasured Confounding in the Primary and Secondary Outcomes 

 
Statistic 

 
E-value* E-value 

Upper 

Limit** 

Outcome 
  

Persistent cardiovascular 

dysfunction 

2.970223 1.324414 

Left ventricular dysfunction 3.771406 1 

Vasopressor requirement 3.107839 1 

Adjunctive immunomodulatory 

therapy 

3.498251 2.448628 

Persistent/recurrent fever 1.883387 1 

 

 

*E-value interpretations: For the primary outcome, persistent cardiovascular dysfunction, the reported 

risk ratio could be explained away by an unmeasured confounder that was associated with both the 

treatment and the outcome by a risk ratio of 2.97-fold each. Similarly, for adjunctive 

immunomodulatory therapy, the reported risk ratio could be explained away by an unmeasured 

confounder that was associated with both the treatment and the outcome by a risk ratio of 3.50-fold 

each.  

**E-value upper limit interpretations: For the primary outcome, persistent cardiovascular 

dysfunction, the reported risk ratio upper limit indicating statistical significance could be explained 

away by an unmeasured confounder that was associated with both the treatment and the outcome by a 

risk ratio of 1.32-fold each. Similarly, for adjunctive immunomodulatory therapy, the reported risk ratio 
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upper limit indicating statistical significance could be explained away by an unmeasured confounder 

that was associated with both the treatment and the outcome by a risk ratio of 2.45-fold each. Our 

propensity score models adjust for demographics, multiple markers of inflammation, and clinical 

observations of patients, making our study relatively robust to unmeasured confounding since the 

unmeasured confounder would need to be in causal pathways independent of our many included 

covariates’ pathways to the treatment and outcome. 

Note: secondary outcomes with reported risk ratio confidence intervals including 1 generally do not 

indicate evidence of association and thus will always have an E-value upper limit of 1. Therefore, we do 

not interpret these E-values individually. 

 


